Penelitian ini bertujuan mengkaji pengaruh suplementasi asam format, asam butirat atau kombinasi keduanya terhadap karakteristik daging ayam broiler. Sejumlah 288 ekor ayam broiler (Lohmann MB-202) didistribusikan ke empat kelompok perlakuan, termasuk CONT (pakan basal tanpa imbuhan pakan sebagai kontrol), FORM (pakan basal ditambah dengan asam format 0,1%), BUTR (pakan basal dengan 0,03% asam butirat) dan FORM+BUTR (pakan basal dengan 0,1% format dan 0,03% asam butirat). Pada hari ke-35 ayam dipotong dan daging bagian dada diambil untuk dianalisis lebih lanjut. Karkas dan potongan komersial ayam tidak berbeda (P>0,05) antara kelompok CONT, FORM dan BUTR. Kombinasi asam format dan butirat meningkatkan (P<0,05) berat relatif punggung ayam broiler. Nilai pH lebih tinggi (P<0,05) pada daging ayam yang diberi asam organik daripada pada ayam kontrol. Asam organik menurunkan (P<0,05) drip loss daging. Asam butirat meningkatkan (P<0,05) kadar air dan menurunkan (P<0,05) kandungan protein daging. Asam format meningkatkan (P<0,05), sedangkan asam butirat dan kombinasi asam format dan butirat menurunkan (P<0,05) nilai lightness daging ayam. Nilai yellowness daging meningkat (P<0,05) dengan pemberian asam organik. Bands 25 kDa (fosfogliserat mutase) dapat diamati dengan jelas pada sebagian besar sampel daging ayam yang diberi asam organik, tetapi tidak terlalu jelas pada daging ayam kontrol. Sebagai kesimpulan, asam organik dapat memperbaiki kualitas daging ayam broiler. Perlakuan dengan asam organik dapat mencegah kondisi pale, soft and exudative (PSE) pada daging broiler.
INTRODUCTION
Besides promoting the health and growth rate, the use of antibiotic growth promoter (AGP) in rations has been subjected to improve the yield and characteristics of broiler products. Dietary inclusion of AGP resulted in heavier carcass and commercial portions of broilers (Onifade, 1997) . Khaksefidi and Rahimi (2005) further reported that AGP increased and decreased protein and fat contents of broiler meat, respectively. Likewise, our former study showed decreased abdominal fat as well as increased protein content in broiler breast meat with AGP administration (Sugiharto et al., 2017) . Nonetheless, the residual effect of antibiotics in broiler meat on consumers (antibiotics may induce the development of antibiotic resistance) has imposed on the ban of AGP in broiler production (Sugiharto, 2016) . The latter condition has eventually encouraged the attempt to find alternatives to AGP, as the withdrawal of AGP from diets implies in the health and growth problems in broiler production. Probiotics, prebiotics, synbiotics and phytobiotics are among the most common examples of AGP alternatives. In addition to health and growth promoting effects, these additives have been reported to positively affect the qualities and yield of broiler meat (Takahashi et al., 2005; Grashorn, 2010; Abdulla et al., 2017; Cheng et al., 2017; Park et al., 2017; Tavaniello et al., 2018) .
Organic acids (e.g., formic and butyric acid) are another examples of AGP alternative that has widely been used in poultry diets. As feed additive, the products were able to maintain the wellbeing and promote the growth rate of broilers (Kaczmarek et al., 2016; Khan dan Iqbal, 2016; Pathak et al., 2017) . In the market, organic acids are available in the form of either single or in combination. According to Sugiharto (2016) , combinations of organic acids are more effective in promoting the health and growth performance of broilers as compared to single acid. With regard to the carcass and meat characteristics, the effect of formic acid, butyric acid and their combination has, however, never been revealed. Therefore, the present study aimed to evaluate the effect of dietary supplementation of formic acid, butyric acid or their combination on carcass and meat characteristics of broilers.
MATERIALS AND METHODS
A number of 288 chicks (day-old Lohmann MB-202 broilers; body weight [BW]= 45.2 ± 0.37 g) were employed in the current study. The birds were allocated to four treatment groups, i.e., CONT (basal diet without additive as a control), FORM (basal diet with 0.1% formic acid), BUTR (basal diet with 0.03% butyric acid) and FORM+BUTR (basal diet containing 0.1% formic and 0.03% butyric acid). Formic acid (Baymix Latibon ®Plus ME, Dr. Eckel GmbH, Niederzissen, Germany) and butyric acid (Butipearl, Kemin Cavriago, Italy) were incorporated ("on top") at the expense of the feeds. The doses of additives were applied according to the manufacturer's recommendations. The birds were reared in an open-sided broiler house using rice husk as a bedding material throughout the study period. The diets and water were given ad libitum to all birds for the entire trial (days 0-35). The diets were formulated as starter (Table 1 ) and finisher diets (Table 2) , and complied the Indonesian National Standards for Broiler Feed (SNI, 2006) . The diets were offered in mash form and contained no antibiotics, coccidiostat, enzymes, anti-mold and anti-fungal agents and other feed additives/supplements.
At day 0, all birds were vaccinated using commercial avian influenza vaccine (AIV) and Newcastle disease vaccine (NDV) using aerosol spraying. At day 35, the birds were weighed and one bird from each pen (6 birds per treatment group) was taken and slaughtered. Upon evisceration, the birds were divided into commercial portions, and from which the commercial cuts of broilers were determined. Breast meat were then obtained for the assessment of meat characteristics.
The measurements of pH and drip loss were conducted based on Wang et al. (2015) with few modifications. The sample of breast meat was weighed and the pH was determined at about 45 min following slaughter. The meat was subsequently put in a Whirl-pak bag and stored in a 4°C-refrigerator until 24 h. The sample was reweighed and the pH was then measured. The drip loss of breast meat was estimated on the basis of weight loss during storing at the refrigerator 288 J.Indonesian Trop.Anim.Agric. 44(3):286-294, September 2019 and presented as percentage. To determine the chemical composition of breast meat, proximate analysis was conducted based on the standard methods (AOAC, 1995) . The water holding capacity (WHC) of meat was measured according to press methods with filter paper according to Grau and Hamm (1953) .The colour of broiler breast meat was assessed using a digital colour meter in Mac OS X (set to CIE Lab). The colour was presented as L* (lightness), a* (redness) and b* (yellowness) values. To assess the myofibrillar protein in broiler breast meat, Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) was employed according to Al-Baarri et al. (2018) with few modification particularly in the gel concentration. To yield the obvious separation of bands, the gradient of polyacrylamide gel concentration from 4 to 15% (Bio-Rad Laboratories) was used. The data of carcass, cut yields and physical and chemical characteristics of broiler meat were subjected to analysis of variance using the General Linear Models Procedure in SAS (SAS Inst. Inc., Cary, NC, USA). Duncan's multiplerange test was further performed when the differences (P<0.05) among groups were found. Data on the myofibrillar protein profiles were not statistically analysed.
RESULTS AND DISCUSSION
The effects of organic acid supplementation on commercial proportions of chicks are shown in Table 3 . The carcass and cut yields of broilers were not different (P>0.05) among CONT, FORM and BUTR birds. In accordance with our data, García et al. (2007) documented no significant effect of feeding 5,000 ppm and 10,000 ppm of formic acid on the weights (relative to live body weight) of carcass, breast as well as thigh of broilers. Likewise, Leeson et al. (2005) revealed no substantial effects of butyric acid (at the levels of 0.2 and 0.4%) on the carcass and breast meat relative weights in broiler chickens. Different from the single administration, the combination of formic and butyric acids increased (P<0.05) the proportion of back of broiler chicken in this present study. There was no definite explanation for the latter condition, but it was most likely that the increased live weight of broilers with feeding the combination of formic and butyric acids (1216, 1265, 1256 and 1313 g for CONT, FORM, BUTR and FORM+BUTR, respectively) resulted in increased cut yield especially the back of broilers. Previously, Mohammed (2016) revealed that the increased cut yield in broilers provided with acetic acid may be attributed to the increased live weight of the respective chicks.
Meat Traits of Broilers Fed Organic Acids (S. Sugiharto et al.) 289 Table  4 . At both times of measurement (45 min and 24 h following slaughter), the meat pH was higher (P<0.05) in organic acids fed than in control birds. In line with our study, Menconi et al. (2014) showed that treatment with organic acids (lactic, acetic, tannic, propionic and caprylic acids) through drinking water increased the pH value of broiler meat. There was no exact explanation for the capacity of organic acids in increasing the pH of broiler meat, but El-Senousey et al. (2013) documented that feeding organic acid (alpha lipoic acid) decreased muscle glycolysis postmortem and thus inhibited the pH decline in meat following slaughter. In term of meat quality, Kato et al. (2013) classified broiler meat as a pale, soft and exudative (PSE) meat when the pH is ≤5.8, while the normal meat has pH>5.8. Owing to this, it could be inferred that meat from the chicks treated with formic, butyric and their combination belonged to normal, whereas control meat tended to be PSE meat. It was apparent in this present study that feeding organic acids resulted in lower (P<0.05) drip loss in broiler meat. Corresponding to our result, El-Senousey et al. (2013) showed a decreased drip loss in broiler meat with feeding alpha lipoic acid. Likewise, Menconi et al. (2014) noticed a decreased drip loss in broiler meat with drinking organic acids (blends of acetic, lacticm tannic, caprylic and propionic acids). Earlier report by Menconi et al. (2014) documented that drip loss was inversely proportional to the WHC value and moisture content in meats. Hence, organic acid treatment, especially by butyric acid, seemed to be responsible for the increased moisture content and thereby decreased drip loss values of broiler meat in the present study. Inconsistent findings were, however, seen in our study, in that feeding the blends of formic and butyric acids decreased WHC of meat, as compared to that of control. In accordance with our data, Attia et al. (2018) reported a reduced WHC in broiler meat with feeding citric and fumaric acids. The inconsistence between our finding and the former data was most likely due to the variations in the organic acid types, feed composition and condition of the studies.
In this study, meat from butyric acid supplemented chicks had less (P<0.05) content of crude protein than that from other chicks. This result was in contrast to that of formerly noticed by Attia et al. (2018) , in which dietary supplementation of 30 g/kg fumaric acids elevated 290 J.Indonesian Trop.Anim.Agric. 44(3):286-294, September 2019 the crude protein of broiler muscles. Yet, the latter authors further reported no substantial effect of feeding 15 and 30 g/kg citric acids as well as 15 g/kg fumaric acids on crude protein contents of broiler meats. Moreover, study in pig showed no effect of organic acids containing lactic acid, fumaric acid, calcium formate and phosphoric acid on the crude protein content of carcass (Thuy, 2018) . To date, the reason for such discrepancies in crude protein content of meat due to organic acids treatment remains unclear. In vitro study demonstrated that butyric acid could induce oxidative stress in some types of cells (Cueno et al., 2015) . For this reason, butyric acid supplementation may induce protein oxidation resulting in protein fragmentation (and thus decreased crude protein content) in broiler meats (Soladoye et al., 2015) . However, the latter inference should be taken with caution as Zhang et al. (2011) reported that dietary supplementation of sodium butyrate was capable of alleviating the oxidative stress in broiler chicks exposed to corticosterone. The differences in the nature of butyric acid, levels and other experimental conditions may explain the divergent data above.
It was reported in this study that feeding formic acid enhanced (P<0.05), whereas butyric acid and combination of formic and butyric acids decreased (P<0.05) the lightness values of broiler breast meat. Former study by Menconi et al. (2014) reported a decreased lightness values in broiler meat with administration of organic acids. Similarly, Göksoy et al. (2010) showed that dietary incorporation of organic acids (combination of 200 g/kg lactic acid, 250 g/kg formic acid, and 80 g/kg propionic acid) numerically decreased the lightness values of broiler breast meat. It has been documented that muscle myoglobin damage was attributable to the change in broiler meat colour, in that myoglobin destruction resulted in increased lightness and decreased redness values of broiler meat (Mir et al., 2017) . Apart from its benefits on host defence against pathogens, organic acid may act as stressor leading to physiological deterioration and internal organ disruption (including skeletal muscle) in poultry and other monogastric animals (Nourmohammadi and Khosravinia, 2015: Suiryanrayna and Ramana, 2015) . In the case of formic acid, the high acidity of this compound seemed to induce the damage of myoglobin in skeletal muscle (Nourmohammadi and Khosravinia, 2015) and thereby increased the lightness values of FORM compared to other meats. Considering the lower lightness values of BUTR and FORM+BUTR compared to CONT and FORM meats, it was therefore most likely that butyric acid and combination of formic and butyric acids were capable of preventing myoglobin destruction in the muscle and thereby reducing and increasing the lightness and redness values of meat, respectively. In relation to stressors, the increased level of corticosterone has been suggested to induce the muscle myoglobin destruction in broilers (Kannan et al., 1998) . Indeed, earlier study showed the capacity of sodium butyrate in inhibiting the increased level of corticosterone in broiler chicks due to bacterial infection. Such organic acid was also capable of ameliorating stress-induced catabolism and oxidative tissues destruction in infected broilers (Zhang et al., 2011) . In this respect, butyric acid seemed to be able to control the stress condition (and hence the corticosterone level) in broiler and thereby preventing myoglobin destruction. This inference should, however, be noted with caution as the yellowness values of broiler meat increased (P<0.05) with feeding organic acids in the present study. Indeed, King and Chen Pas (1998) attributed the increased yellowness values in broiler meats with the increased level of adrenocorticotropic hormone.
It was noted in this present study that intense bands of 25 kDa (phosphoglycerate mutase) was observed in most of meat samples from the organic acids-treated birds. Conversely, the bands of 25 kDa were not intense in meat samples from the control birds (Figure 1) . Mudalal et al. (2014) suggested that phosphoglycerate mutase has often been attributed to PSE-like condition in broiler meats. Hence, the less intense of bands of 25 kDa in meats of the treated birds may indicate that feeding organic acids resulted in better meat quality. This inference was inspired by the fact that meats from organic acids fed-birds had higher pH values and lower drip loss. With regard to the lightness of meats, the L* values of meats from the treated birds particularly from BUTR and FORM+BUTR birds were seen to be lower than that from CONT birds. Indeed, Karunanayaka et al. (2016) reported that PSE-like condition in broiler meats is associated with the lower pH values, higher drip loss as well as pale colour of meats. To date, the mechanism by which formic and butyric acids improve the meat quality of broiler meats was largely unknown, but such organic acids may protect the myofibrils from damage. In accordance to our data, previous study by Abudabos et al. (2014) demonstrated that dietary administration of organic acids reduced the extent of destruction of myofibrils in broiler meats.
In most of parameters measured, the effect of organic acids combination was not significantly different when compared with that of individual use of formic or butyric acid. These present findings therefore disagreed to Sugiharto (2016) revealing the more effective of organic acids combination in improving the growth and health condition of broilers compared to individual acid. Unlike the growth and health status, the meat characteristics of broilers are determined not only by the physiological process (internal organs functions during the life), but also the post-harvest processing. The effect of organic acids on broiler meat characteristics seems therefore to be more complex.
CONCLUSION
Though organic acids did not affect the carcass and cut yields, the combination of formic and butyric acids increased the relative weight of back of broilers. Dietary organic acids supplementation increased the pH values and lowered drip loss of broiler meat. Butyric acid increased moisture and decreased protein contents of meats. Formic acid increased, whereas butyric acid and combination of formic and butyric acids decreased lightness values of breast meats. Yellowness values of meat increased with organic acid supplementation. The bands of 25 kDa (phosphoglycerate mutase) was more intense in meat samples from the organic acids treated birds compared to that from the control birds. Overall, dietary supplementation of organic acids was potential to improve the meat quality of broiler meats. The organic acids treatments may therefore be beneficial to prevent the PSE-like condition in broiler meats.
